O2 Protonation Controls Threshold Behavior for N-Glycosidic Bond Cleavage of Protonated Cytosine Nucleosides.
IRMPD action spectroscopy studies of protonated 2'-deoxycytidine and cytidine, [dCyd+H](+) and [Cyd+H](+), have established that both N3 and O2 protonated conformers coexist in the gas phase. Threshold collision-induced dissociation (CID) of [dCyd+H](+) and [Cyd+H](+) is investigated here using guided ion beam tandem mass spectrometry techniques to elucidate the mechanisms and energetics for N-glycosidic bond cleavage. N-Glycosidic bond cleavage is observed as the major dissociation pathways resulting in competitive elimination of either protonated or neutral cytosine for both protonated cytosine nucleosides. Electronic structure calculations are performed to map the potential energy surfaces (PESs) for both N-glycosidic bond cleavage pathways observed. The molecular parameters derived from theoretical calculations are employed for thermochemical analysis of the energy-dependent CID data to determine the minimum energies required to cleave the N-glycosidic bond along each pathway. B3LYP and MP2(full) computed activation energies for N-glycosidic bond cleavage associated with elimination of protonated and neutral cytosine, respectively, are compared to measured values to evaluate the efficacy of these theoretical methods in describing the dissociation mechanisms and PESs for N-glycosidic bond cleavage. The 2'-hydroxyl of [Cyd+H](+) is found to enhance the stability of the N-glycosidic bond vs that of [dCyd+H](+). O2 protonation is found to control the threshold energies for N-glycosidic bond cleavage as loss of neutral cytosine from the O2 protonated conformers is found to require ∼25 kJ/mol less energy than the N3 protonated analogues, and the activation energies and reaction enthalpies computed using B3LYP exhibit excellent agreement with the measured thresholds for the O2 protonated conformers.